The clinical manifestations of sickle cell disease vary considerably among patients. For example, some patients with sickle cell anemia have mild disease while others suffer from a severe form with increased morbidity and a high mortality rate at a relatively young age.
Results
Males and females differed in X-linkage with a higher value in females (p=0.002). Geographically, sites were clustered into two regions (northern/southern) based on climate. The number of α-globin genes was higher in northern sites than southern (p=0.039); β-haplotypes and X-linkage did not differ across regions.
HU treatment responders, shown elsewhere to have better outcomes in terms of painful crisis rates and other pain variables, differed significantly from non-responders only in X-linkage (p=0.006), with stronger X-linkage associated with being a responder.
For pain outcomes, there were no significant relationships between β-haplotypes or α-globin genes and rate of painful crises, average pain scores at home, frequency of days with pain, days with analgesic use, or unscheduled medical visits (see Table 1 ). Having four alpha genes rather than three and having the highest level of X-linkage (2 versus 0 or 1) seems to be generally beneficial even though statistical comparisons are not significant (see Table 1 ). X-linkage was marginally (p=0.06) associated with medical visits; stronger X-linkage was associated with fewer medical visits (see Table 2 ).
For equi-analgesic dosing, significant associations were found with the CAM haplotype and the α-genotype (see Table 3 ). The presence of the CAM haplotype was associated with higher in-hospital oral and parenteral dosing and higher at-home total and daily dosing, but all associations were significant for males only (p<0.05 for all). The highest level of X-linkage (2 versus 0 or 1) is associated with lower in-hospital dosing, consistent with the trend of having favorable pain outcomes shown in Table 1 .
More α-globin genes were associated with lower at-home total and daily dosing and with lower daily doses of both oral and parenteral analgesics in hospital, and many of these comparisons are statistically significant, consistent with the trend of having favorable outcome of pain parameters of patients with four alpha genes shown in Table 1 .
Stratification by sex, however (see Table 4 ), indicated that all of these associations were significant for males only (p<0.05 for all males; p>0.05 for females).
Discussion
Sickle cell disease in general and sickle cell anemia in particular are complex disorders. The clinical manifestations of sickle cell are associated with numerous factors including, among others, genetic markers, cellular factors, rheologic determinants, sex, age, environmental factors, and psychosocial factors. 1, 9, 12 Genetic markers, the subject of this study, include HbF, β-globin cluster haplotypes, X-chromosome-linked F-cell production loci (X-linkage), the α-globin genotype, and other gene modifiers (epistatic genes).
Patients with persistent endogenous high levels of HbF after birth have milder disease than patients with a lower level. It seems that the higher the level of HbF, the milder the disease. Hydroxycarbamide (HU)
ameliorates the frequency of painful crises because its major mechanism of action seems to be augmentation of HbF levels, as described previously.
10,11
Patients who are homozygous for the Senegalese β-cluster haplotype seem to have a milder disease than those homozygous for the CAR haplotype with the Benin haplotype in between. 1, 9 The co-inheritance of the β + -thalassemia gene ameliorates the severity of sickle cell. Deletion of two α-genes is associated with high prevalence of avascular necrosis. 13 With the possible exception of HbF and its modifiers and the co-inheritance of the β + -thalassemia gene, the validity of these associations was not confirmed by controlled clinical trials. The MSH in sickle cell gave us an opportunity to explore
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The focus of our study was to determine the effect of certain genetic markers, if any, on sickle cell pain, frequency of medical contact and painful crises, and the utilization of opioid analgesics. Geographically, the prevalence of α-globin gene deletion is significantly higher in the southern rather than in the northern states-a finding that is similar to that of previous reports. Having four alpha genes and a higher level of X-linkage tends be beneficial even though statistical comparisons are not significant.
However, X-linkage is significantly associated with medical contacts: the higher the linkage, the lower the frequency of medical contacts. 
Conclusion
Together our data suggest that genetic markers that ameliorate anemia in patients with sickle cell paradoxically have a negative effect on the parameters of sickle cell pain and utilization of opioid analgesics. Thus, males, who usually are less anemic than females, and alpha-gene deletion, which ameliorates the severity of the anemia, seem not to be beneficial as far as sickle cell pain and its parameters are concerned.
Factors that increase the level of HbF, such as high X-linkage and hydroxycarbamie (HU), are most beneficial. To that end, future research in this area should focus on factors that increase the level of HbF. n
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